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Abstract 
The goal of this project was to increase the efficiency of a biofuel-powered engine 
without making major modifications. This goal was approached by designing a device that could 
vaporize liquid biofuel before delivering it to an engine. A dual-chamber system was designed, 
which preheated biofuel prior to rapid expansion and separation. A proof-of-concept prototype 
was constructed and vaporized liquid water with an optimum quality of 72%. Based on 
experiments and thermofluid analysis, the final design will successfully vaporize biofuel. 
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Executive Summary  
 
The purpose of this Major Qualifying Project was to research, design, build, and test a 
prototype fuel vaporizer as part of the Major Qualifying Project undergraduate requirement at 
Worcester Polytechnic Institute (WPI) and the capstone project requirement associated with 
Accreditation Board for Engineering and Technology, Inc. (ABET) accreditation. The purpose of 
a fuel vaporizer is to increase an internal combustion engine’s efficiency and power drastically, 
without major systematic modifications. 
In a typical internal combustion engine, liquid fuel is injected directly into the cylinders. 
During an almost instantaneous combustion, a portion of this liquid fuel does not completely 
combust.  It was believed that a more complete burn would increase an engine’s overall power 
and efficiency. Thus, the core hypothesis behind this project was that a vaporized form of fuel 
allows its hydrocarbons maximum exposure to readily available oxygen when ignition occurs. 
Consequently, it was postulated that a liquid-air fuel mixture does not yield the most efficient 
exothermic reaction when ignited and that an evenly dispersed vapor-air fuel mixture would 
increase efficiency. Even fine droplets produced by dispersion in a traditional fuel injection 
system are technically considered an atomized mist and not a vapor. For the fuel to become a 
vapor, it must physically undergo a phase change. Therefore understanding thermodynamic 
principles with regards to phase changes was critical in the success of this project. 
This project, in following the engineering design process, first began with background 
research pertaining to relevant topics. Such topics included but were not limited to: motivation 
for increased efficiency, internal combustion engines, and chemical compositions of fuels, 
traditional fuel delivery systems, and thermodynamics of vaporization. The background research 
phase lasted for approximately 4 weeks and was meant to educate group members so that 
informed decisions about design could be made. A couple critical decisions from the background 
research are as follows. First, it was decided that the prototype would be designed to vaporize a 
vegetable oil because of the recent social and environmental focus on biofuels and their potential 
has been largely unexplored compared to petroleum-based products. Second, it was decided to 
purpose the design for use on a home generator. While desiring to design an adaptable system, a 
generator was determined as an ideal testing system because it maintains static operation with 
roughly constant RPMs and temperature. 
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After preliminary research, the design phase began. During the initial stages of the design 
phase, several decisions were made about the specific direction of the project. In addition, 
several objectives, restraints, and goals were identified as part of the design process. The main 
goal of this project was to create a mechanism that intakes fuel, vaporizers that fuel, and then 
delivers this fuel’s vapor to the engine in such a way that would allow improved engine 
functionality. The mechanism also had to be produced for under $1,740 and using tools and 
resources available to students on campus. While there may exist plenty of crude homemade 
products from do-it-yourselfer mechanics, this WPI MQP team also focused on bringing 
professionalism and a technical polish to this project. That being said, one of the objectives of 
this project is to create a device that is streamlined, compact, and commercially feasible; a device 
that is professionally respectable within the technical community. After these design criteria 
were generated, the group began idea generation and brainstorming. Group members were asked 
to utilize background research and technical examples as inspiration. Original ideas were 
generated and drawn in a professional manner. After 6 original design ideas had been 
accumulated, they were analyzed mathematically in a design matrix. The design matrix showed 
that a dual-chamber separation-expansion based design was the most favorable for this project’s 
cause. 
After selecting a dual-chamber separation-expansion based design as a starting point, the 
process began by revising the design and making it more detailed and realistic. It was also 
critical to look into how a proof-of-concept prototype could be manufactured to simulate the 
initial design. In this manner, a preliminary design was refined into a good-for-construction 
design. This design was then realized by building a prototype; parts were ordered, machined, and 
assembled to create an analogous product.  
The fourth and final phase was the testing phase. The proof-of-concept prototype was 
tested in a combustion laboratory using standard scientific techniques. Water was used to safely 
simulate oil within the prototype. By taking the results of experimentation it was possible to 
extrapolate the amount of power needed to achieve similar vaporization of vegetable oil. In 
conclusion, it was extrapolated that it will require less power (0.44 kW) per unit flow to vaporize 
straight vegetable oil (SVO). By comparing this figure to the output of a typical home generator, 
extrapolated vaporization power demands would require about 9% of the generators total output 
power. This leads to the conclusion that despite being able to successfully vaporize SVO, the 
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prototypical design is not ideal because it would require more than 5% of the generator’s output 
power and should be slightly modified. After testing the prototype, it was tested and several 
areas of improvement were found. These suggestions and observations were implemented in a 
revised computer modeled final design.  
  The impact of this project is that it represents the initial groundwork for proving 
vegetable oil can be vaporized to allow for more efficient engines. A more efficient diesel engine 
could provide a huge cost savings for consumers, result in a lower reliance on foreign fossil 
fuels, and provide all the benefits that are inherent with a lower usage of oil, including 
sustainability. More specifically, a device meant for biofuels would allow the operating cost of 
biofuels to rival fossil fuels, which give them a competitive market demand. This could lead to a 
market revolution and widespread sustainability for future generations. 
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Chapter 1: Introduction 
 
Global carbon dioxide emissions for last year alone totaled almost 35 billion metric tons, 
as reported by Scientific American [1]. According to the study, 58% of these emissions resulted 
from the use of fossil fuels. In America, there have also been many issues with the availability of 
essential fossil fuels such as gasoline and diesel fuel, with average gas prices rising from $1.84 
per gallon in 2004 to $3.35 per gallon in 2014 [2]. With fossil fuel emissions drastically affecting 
the global climate and gas prices consistently rising every year, the demand for efficient 
technology that can reduce environmental impact while staying affordable is ever increasing. 
The standard combustion engine is a central cog of fuel consumption in the world today, as it is 
the power source of most automobiles and commercial and residential machines [3]. The fuel 
and power efficiency that the modern combustion engine is able to achieve has a direct effect on 
many different consumer markets, such as automobiles and general appliances. 
There have been many innovations in the past century that have improved the efficiency 
of the standard combustion engine. Direct fuel injection was a significant innovation in the 
second half of the 20th century [4]. It allowed for much more precise control of the air-fuel ratio, 
which cut down on emissions and considerably improved the efficiency of standard combustion 
engines. Many of the innovations in the 21st century regarding fuel efficiency field have 
revolved around electric and hybrid systems. These systems convert the kinetic energy of an 
automobile into electricity, which in turn, helps power the overall system. Hybrid systems have 
greatly increased the fuel efficiency and reduced emissions, but they are relatively expensive 
compared to traditional automobiles, and face considerable criticism in some markets. There 
have also been recent innovations in Biofuel technology [5]. Biofuel is created by extracting the 
natural oils from renewable sources such as vegetables and peanuts, and combining them with 
specific additives, resulting in a usable fuel for a standard combustion engine. Biofuels are 
typically used with diesel engines, but can converted to work with gasoline engines as well. 
Despite being a green, sustainable alternative to gasoline and diesel, biofuels present their own 
set of challenges. Given the limited space available and the costs associated to grow such plants, 
It isn’t reasonable to assume that enough biofuel could be consistently generated to replace 
standard gasoline or diesel oil in first world countries. Furthermore, biofuels also tend to have a 
relatively low energy density, which makes them relatively inefficient compared to gasoline or 
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diesel fuels [6]. For these reasons, biofuel systems have yet to establish a firm foothold in most 
commercial markets. Ideally, one could produce a simple device that could be applied relatively 
easily to an existing internal combustion engine to increase the fuel efficiency of a biofuel while 
reducing greenhouse gas emissions. Such a device could help provide the biofuel industry with 
the competitive edge it needs to establish a larger foothold in the fuel market, and provide a 
smoother transition toward fuel efficiency and sustainability. This device could have a global 
impact by increasing the efficiency of combustion engines in non-first world countries, where 
there is room to grow crops, and a dire need for efficient sources of energy. 
A liquid fuel vaporizer is an example of a concept that could fill this void in the 
commercial market. Vaporizing the fuel before it enters the combustion chamber in a standard 
combustion engine increases the exposure of the fuels hydrocarbons to readily available oxygen, 
causing a more complete burn [7]. According to research conducted by NASA, this can increase 
the fuel efficiency of a diesel engine by up to 50% [8]. This increase in fuel efficiency in the 
combustion chamber reduces the amount of fuel necessary to achieve the necessary energy 
output, which translates to better fuel efficiency as a system. The vaporized fuel also achieves a 
more complete combustion in the combustion chamber, which minimizes non-combusted, and 
greatly reduces the carbon emissions of the entire system. Research performed as part of this 
project showed a number of fuel vaporizer patents already exist. Most rely on the same basic 
thermodynamic properties: a rapid increase in temperature, a rapid decrease in pressure, or an 
increase in volume. However, by separating a phase of rapid increase in volume from a phase of 
increased temperature by preheating the fuel in an preliminary step, the viscosity issues 
associated with a highly viscous vegetable oil versus a less viscous petroleum fuel were be 
mitigated, increasing the thermodynamic efficiency of each step.  
With this knowledge, the purpose of this Major Qualifying Project was to design a liquid 
fuel vaporizer that converts biofuels such as vegetable oil into a combustible vapor, which could 
be injected into the combustion chambers in a standard diesel combustion engine. The ideal 
outcome of the design was to be a modification to an existing engine, instead of implementing 
the technology into the design process of the engine itself. The initial phase of the project 
included a considerable amount of background research into combustion engines, vaporizer 
patents and recent fuel vaporization technology that the team compiled and organized to guide 
the design process. This background research dictated the design parameters of the project in 
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order to design a product that could be easily implemented into a combustion engine system. The 
second phase of the process would be the design phase. This phase would be started by 
establishing design criteria and parameters for the final design. The team developed design 
concepts, using concepts from the background research and present them to the group along with 
initial calculations to prove the theoretical functionality. Once the initial design phase was over, 
the team initiated the prototyping phase of the project, while maintaining constant upkeep of new 
iterations for the design. This physical design was then be tested and analyzed for proof-of-
concept functionality and conclusions would be drawn about the fundamental impact. 
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Chapter 2: Liquid Fuel Vaporizers and Related Components 
2.1. Introduction 
 
 The background research that the team conducted comprised of four main focus areas. 
The first area was the standard combustion engine, specifically how the fuel injection and 
combustion systems work and the process of converting fuel in the form of energy to work 
output. The second area was the chemical composition of different fuel types and properties, 
such as energy density and viscosity, and how their properties determine usefulness in 
combustion engines. The third area was the on the thermodynamics of vaporization, and the 
different methods of converting liquid to vapor. The fourth area was pre-existing vaporizer 
concepts and patents, to understand what designs existed in the market, and to better understand 
the basic concepts of fuel vaporization. All of the background research that was conducted was 
intended to allow the team to make more informed decisions during the design and prototyping 
phases of the project. 
2.2. The Internal Combustion Engine 
 
When designing a liquid fuel vaporizer, it is important to consider the application it will 
be used for. In this case, the ultimate design will be used in unison with an internal combustion 
engine as stated in the project’s problem statement. One of the most widely used types of 
engines, internal combustion engines, has revolutionized our society within the past century [9]. 
There are many different types of internal combustion piston engines all with different traits and 
specifications. A model of a basic modern internal combustion piston engines is shown in Figure 
1 below. First, fuel and air is allowed to enter a bored cylinder. A piston within the cylinder 
Figure 1: Two-Stroke Engine Cycle [9] 
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compresses the fuel-air mixture. The mixture then explodes in an exothermic chemical reaction 
that pushes the piston downwards to transmit power to a crankshaft. The resultant exhaust gases 
are then expelled and the cycle begins again. 
There are many variations of the internal combustion engine, but most engines can be 
categorized by their fuel type. Fuel type is important to consider because the type of fuel used by 
the engine will ultimately become the type of fuel vaporized in the final vaporizer design. 
Different fuels may require different design considerations, so it is critical to assure that the fuel 
being vaporized can eventually be successfully used within the affixed engine. Biodiesel and 
vegetable oil fuels have very specific chemical properties, such as heat of vaporization, specific 
heat, and energy density, all of which was taken into account in the final vaporizer design [5]. 
When designing a fuel vaporizer, it is essential that the design team needs to consider what type 
of fuel is being vaporized. Therefore, as part of the background research different kinds of 
engines with different fuel restrictions were researched. There exists three major categories of 
fuel-typed engines: diesel engines, gasoline engines, and alternative fuel engines. Gasoline 
engines are specifically purposed for gasoline by incorporating a spark plug in their construction. 
Diesel engines are specifically purposed for diesel grade fuel by relying on pressure-based 
ignition. They lack a dedicated spark plug but they are “supercharged” to allow compressed air 
to enter the cylinder. Diesel engines can also be run on biofuels such as vegetable oil. Alternative 
fuel engines are engines meant for fuels like hydrogen and natural gas. These engines are 
considered less mainstream and have very unique design requirements. 
The number of strokes within an engine’s cycle is also important to consider because it 
determines several relevant variables, including fuel-oil mixture ratios, cycle times, and intake 
pressures. The two most widely used types of engines include 4 stroke piston engines and 2 
stroke piston engines [10]. The term “stroke” refers to the up or down movement of the piston in 
one direction. In a four-stroke engine, the first stroke creates negative pressure that pulls air or a 
fuel-air mixture into the cylinder. The second stroke compresses the fuel air mixture. The third 
stroke is called the power stroke and is the result of the exothermic explosion. The fourth and 
final stroke is the exhaust stroke where the piston pushes exhaust gases through the exhaust 
ports. A two stroke differs in that it basically combines the intake, exhaust, and compression 
stroke. Through a process known as scavenging, the fresh air-fuel mixture is pulled in while the 
exhaust gases are pushed out during the compression stroke. Each is fundamentally different in 
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many ways. However, with respect to this background research, the focus was on differences that 
were relevant to the design process. What was found is that two stroke engines are generally 
smaller, less powerful, less efficient, and require a special fuel-oil mixture to run. 
2.3. Fuel Delivery Systems 
 
A fuel integration system is a system for admitting fuel in an internal combustion engine. 
The basic goal of a fuel integration system is to administer the fuel in the best possible ratio and 
sequence in order to achieve the most efficient burn [4]. Modern fuel integration systems are also 
designed for a specific type or grade of fuel to further maximize efficiency. There are many 
different types of fuel integration systems, many of which are still used in engines today. 
 The most commonly used fuel integration system in modern engines is the direct 
injection system [12]. Direct fuel injection has many different versions, each of which alters 
performance and efficiency. The basic idea of direct injection is to inject the fuel directly into the 
combustion chamber, which pulls the air in from an exterior valve connected to the chamber. By 
injecting the fuel into the chamber individually from the air, it allows for much more 
manipulation of the air-fuel ratio, which further maximizes the efficiency of the engine. A 
diagram of a working fuel injector can be seen in Figure 2 below. 
 
 
Figure 2: Fuel Injector (Solenoid Off and On) [12] 
 
One of the early concepts for a fuel integration system was a carburetor. A carburetor, as 
seen below in Figure 3, is a chamber that facilitates the mixing of fuel and air into the correct 
ratio before it sends it into the combustion cylinders [13]. The best air-fuel ratio is calculated 
beforehand to maximize the efficiency of this system. Carburetors are an older fuel integration 
technology, but they are still commonly used in motorcycle and lawn mower engines. 
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Each major type of fuel integration was important to research for several reasons. 
Because fuel delivery was one of the primary tasks of the design, fuel delivery systems needed to 
be better understood. Furthermore, fuel delivery systems display many attributes and concepts 
that could be applicable in a successful vaporizer design.  
 
 
Figure 3: Basic Carburetor [13] 
 
2.4. Combustible Fuels 
 
 To better understand combustible fuels, research was conducted on both renewable and 
nonrenewable options currently on the market. It was paramount in the analysis of technical 
examples to understand the basic science behind combustible fuels. It was also of utmost 
importance to understand this science for purposes of designing a vaporizer specially meant to be 
involved with combustible fuels. A comprehensive review of the most popular fuels on the 
market was performed because it was believed that a well-rounded understanding of combustible 
fuels would be relevant knowledge to have during the design process. 
When thinking of fuel most people will naturally think of gasoline, however, there is 
more to gasoline than one might think. Gasoline is a fuel that is made through the distillation and 
refinement of petroleum [14]. The distillation process breaks down the longer chains of 
molecules into shorter ones of refined fuel, which make up the base of gasoline. Then, other 
compounds are added (known as additives) to ensure the gasoline can run in an engine. 
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Typically, gasoline is made up of a mixture of alkanes, alkenes, isoalkanes, cycloalkanes, 
cycloalkenes and aromatics. Some gasoline’s have as little as 150 different compounds and some 
even have up to 1,000. [14] These compounds all influence the gasoline and the effects it has on 
the engine. The octane rating and aromatic level are the biggest differentiators in gasoline. Even  
 
 
Figure 4: Example of Octane Rating at a Gas Pump [14] 
though there are a number of components that go into producing gasoline, it is most favorably an 
economic fuel source. The explosive limit of gasoline makes it excellent for use in internal 
combustion engines. An explosive limit (EL) is the percentage of a gas/vapor in air needed to 
produce a flash of fire with an ignition source. Gasoline usually has an EL of 1.4% - 7.4%. With 
this range it is easy to achieve a concentration suitable for combustion. Gasoline is also highly 
flammable. The flash point (or temperature where the compound gives off sufficient vapor to 
ignite in air) is -38°C. For use in a vaporizer, one needs to ensure that the fuel does not ignite on 
its own. For this, the auto-ignition temperature would be examined. Due to gasoline’s variance, 
the auto-ignition temperature can range from 280°- 456°C. The exact auto-ignition temperature 
would be very important to determine before use in the vaporizer to ensure the gasoline does not 
ignite on its own. All of these factors make gasoline an excellent fuel source for all combustible 
engines [15]. 
Another common fuel for combustion engines is diesel. Diesel is obtained from the 
distillation and separation of petroleum oil. Separated oil is then put through catalytic cracking, 
which breaks the larger molecules apart. After this conversion, the fuel is then improved to 
increase efficiency in engines. This can be done through reformulating the fuel or hydro-treating 
[16]. Different to gasoline, diesel has longer carbon chains so it evaporates much slower. Diesel 
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is also more efficient as it has a higher energy density than gasoline. This higher density results 
in a greater energy output when the same amount of fuel is burned. Diesel also has fewer 
additives, is less refined, and is more consistent than gasoline. For use in a vaporizer, diesel is 
more desirable because there are fewer additives so there are less variables to consider. Diesel is 
also a volatile fuel source and has properties that make it a sensible fuel source. The EL is 
similar but slightly smaller than gasoline ranging from 1%-6%. The flash point is much higher at 
74°C. The auto-ignition temperature is also consistent at 316°C and does not vary greatly like 
gasoline’s does. These characteristics make diesel more preferred in a vaporizer as well as with 
testing. Having a fuel with a consistent make up will allow us to look at the design of the 
vaporizer and not be concerned with differentiating fuel. However, there are still less common 
fuels that should be considered before deciding. 
Another uncommon fuel source is biofuel. Biofuel is defined as any organics renewable 
oil, and usually has an alcohol and a catalyst added to it. In general, the alcohol is methanol and 
the catalyst is lye. In most cases, oil is not viscous enough to run an engine by itself. The alcohol 
and catalyst allow the oil to have a lower viscosity and will not solidify in colder temperatures. 
In order to determine what fuel would be most beneficial for the vaporizer, fifteen different oils 
were examined. The team looked at energy per gallon, absolute viscosity, and flash point as 
deciding factors between different oils. In order to determine how much energy one could 
receive per gallon, the calorie value and converted this to BTUs was found first. As shown in the 
table below, most of the oils have around 120 BTU/gallon. The absolute viscosity was harder to 
obtain, as there are many different types of oil such as refined and unrefined. The values shown 
in the table below are values found at certain temperatures. Similarly flash point depends greatly 
on quality of the oil so values may have a large range. Overall, biofuel would be more difficult to 
vaporize from a viscosity standpoint, by its overall social appeal presents a healthy challenge. 
 
Table 1: Properties of Various Oils [6] 
Oil BTU/gallon Absolute Viscosity (mPa*s) Flash Point (°C) 
Peanut 121.27 - 160-231 
Olive 121.27 84 at 20°C 160-242 
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Canola 125.97 57 at 25°C 204 
Corn 124.57 65 at 20°C 232 
Soybean 52.7 69 at 20°C 232 
Flax 122.35 33 at 27°C - 
Almond 121.91 - 257 
Coconut 119.3 28 at 37.8°C - 
Cotton Seed 124.57 - - 
Rapeseed 122.35 44.9 at 37.8°C 204 
Grape Seed 121.91 - 204 
Palm 121.27 - - 
Sesame 122.35 - 210 
Pumpkin Seed 121.91 - - 
  
2.5. Engineering Physics of Vaporization 
 
The engineering physics behind vaporization were important to understand in designing 
the product for obvious reasons. It was critical to warrant the design and analyze its 
functionality. To understand the basics of vaporization, one must first understand the basic laws 
of Thermodynamics. The first law of thermodynamics, known as the law of conservation of 
energy, states that no energy can be created or destroyed, only redistributed or changed from one 
form to another. The second law of thermodynamics, commonly known as the law of increased 
entropy, states that in a closed system, the potential energy of the system will always be less than 
the initial state. In a system in equilibrium will always be in a state of maximum entropy. The 
third law of thermodynamics states that the entropy of a substance will approach zero as the 
temperature of the substance approaches absolute zero. These are the three basic laws that are 
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fundamental to understand for anyone designing a thermofluid system. Additionally, the ideal 
gas law is an equation that describes the state of a gas and approximates how that gas may act in 
a system of equilibrium. This law is incredibly important in understanding the different ways a 
substance could be vaporized within a system. The ideal gas equation is as follows: 
  
 
 
Where: 
P = Pressure 
V = Volume 
T = Temperature 
N = moles of substance 
R = Universal gas constant 
  
The most common method of vaporization, known as the isobaric process, occurs in a 
system of constant pressure and unlimited volume, as is the case in the natural atmosphere. In 
this system, when the temperature of a substance is raised to its boiling point, the substance 
undergoes a phase change from liquid to gas. At this point, the vapor pressure of the substance 
would be equal to 1 atmosphere. Phase change in this type of system can be seen in Figure 5 
below. 
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Figure 5: Phase Change Diagram [14] 
 
Another method of vaporization occurs in a system with constant volume. This process is known 
as the isochoric process. In this system, there is an important relationship between pressure and 
temperature, a seen below in Figure 6. This system has two important points that relate 
temperature and pressure, known as the triple point and the critical point. At the triple point, the 
substance is in all the three phases simultaneously. If the pressure is held constant and 
temperature is increased, the substance will vaporize. In this system, if the pressure is below the 
triple point, and the temperature is above the triple point, the substance will be in vapor form. If 
the substance is heated past the critical point, then it will enter into a gaseous phase, which 
means that at that constant temperature, the substance will remain in a gaseous phase regardless 
of changes in pressure. 
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Figure 6: Pressure vs Temperature Phase Diagram [14] 
  
Flash Vaporization (also known as Flash Evaporation) is a third, and most instantaneous, process 
of vaporization, but is less complete than the others. Flash Vaporization is the partial 
vaporization that occurs when a liquid undergoes a reduction in pressure through a throttling 
valve. When the liquid enters the larger chamber, a small portion of it is vaporized, while a larger 
portion remains liquid. The amount of liquid that is vaporized due to the throttling valve is 
calculated using this equation. 
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Flash vaporization occurs often in high pressure to low-pressure systems, and machines often 
have to implement a separator to ensure that the vapor doesn’t negatively affect the system. An 
example of a separator is shown below in Figure 7. 
  
 
Figure 7: Separator [7] 
 
 
2.6. Technical Examples of Liquid Fuel Vaporizers 
 
To gain some inspiration and insight into the deign of vaporizers, several examples were 
reviewed, a few of which are discussed as follows. One of the first examples reviewed is patent 
number 4,112,889 [11]. This rather simple vaporizer (seen in Figure 8) represents a combination 
vaporizer-carburetor. First the fuel is allowed to enter the device via the fuel intake (28). The fuel 
itself is projected directly onto a heating plate (25). This heating plate is kept at a contrast 
temperature of 700 degrees Fahrenheit by an electrical current. The heat supplied by the heating 
coils vaporizers the gasoline within the chamber (21).  
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Figure 8: Patent 4,112,889 
A user controlled pressure valve controls the transfer of gas from the vaporization chamber (21) 
to the carburetor chamber. In the carburetor chamber the gaseous fuel is allowed to mix with air 
on its way to the engine.  
Another example is patent number 5,836,289 (Figure 9). This patent is interesting 
because it utilizes a vaporizer directly in line with the traditional fuel delivery system and does 
not have a completely external device [17]. Essentially an electrically heated mesh is placed in a 
cylinder directly after the fuel injector. When fuel leaves the fuel injector, it is instantaneously 
heated and vaporized by the added heating element on its way into the cylinder. 
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Figure 9: Patent 5,836,289 
 
The final example was an acoustic vaporizer (Figure 10). This patent is not intended for 
use with a liquid fuel but for liquid water. It is still relevant because it provides an interesting 
way to vaporize liquid. The effective mechanism itself used acoustic vibrations to create 
transboundary pressure waves. These pressure waves vaporize the water as air is blown over it. 
This system is unique because it can apply pressure differentials at a high frequency. It avoids 
high temperatures. 
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Figure 10: Acoustic Vaporizer 
 
2.7. Conclusions 
 
Thorough background research was essential to the success of this project. Understanding 
how a standard combustion engine worked, understanding all the thermodynamics processes of 
vaporization, researching the chemical properties of different fuels, and looking into other 
vaporizer patents gave the team a solid basis on which to begin the design phase of the project. 
The familiarity gained with the concepts directly related to this project were paramount to the 
overall success of the project. 
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Chapter 3: Formulation of Prototypical Design 
3.1. Introduction 
 
 This chapter addresses the process of identifying possible solutions to the problem 
statement and eliminating or consolidating those solutions down to one in order to create a 
preliminary design prototype for the biofuel vaporizer. This process makes up steps three and 
four of the engineering design process as seen below in Figure 11. The team started the ideation 
process by defining the goals and objectives for the vaporizer, as well as identifying any 
restrictions or constraints on the project.  
 
 
Figure 11: Engineering Design Process [15] 
 
3.2. Problem Definition 
 
The goal of this project was to create a liquid fuel vaporizer that could effectively and 
consistently vaporize pure vegetable oil and then redirect the oil vapor back to the fuel injectors 
to power a diesel engine. This fuel vaporizer would allow any standard type of vegetable oil to 
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be used as a fuel source in a standard combustion engine, while also improving the efficiency of 
the engine and reducing emissions.    
Before starting the design, it was important to determine certain requirements and 
constraints for the vaporizer. First, basic requirements of the project were decided on. In order to 
have a successful product it needed to be able to vaporize the vegetable oil and deliver this 
vaporized fuel to the combustion chamber in a consistent manner. The system also needed to 
allow the applicable system to be more efficient than a standard combustion engine. Along with 
this, it was an aim to design the product to operate specifically for biofuels. The completed 
system would also ideally be universal so that it can easily be adapted to different systems.  
In addition to the aforementioned requirements, certain constraints were also identified. 
Some examples follow. The heat given off by the vaporizer must not be enough to harm anyone, 
or the design needs to prevent access to these heated sections. The vaporizer cannot hinder or 
negatively affect any other parts of the system. The project also has limited spending of $1,640 
that was allotted to us so the total system must cost less than this to produce. In the end, if all of 
these specifications are met, one could deem this project as successful. A partial list of the major 
design considerations can be seen below. 
 
Constraints: 
1. Budget of $1,640 
2. Must use alternative fuel source  
3. Can’t affect or hinder other parts of the system 
4. Can only use energy or heat from existing parts of the system (i.e. heat from engine 
block/coolant, electricity redistributed from generated electricity) 
5. Must be small, so as to fit within or attach to a standard engine block  
6. Vaporized, alternative fuel must not drastically change the combustion within engine 
7. Cannot overheat the fuel source 
8. Prototype must be able to be manufactured in the WPI machine shop 
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Functionalities - the vaporizer… 
1. Must vaporize fuel 
2. Must deliver fuel to combustion chambers in a consistent manner 
3. Must operate on energy from the system 
4. Must improve the efficiency of the combustion engine 
5. Must reduce CO2 emissions from combustion engine 
6. Must be air-tight 
7. Must not break, clog up, or degrade 
  
3.4. Preliminary Thermodynamic Design 
 
Figure 12 below shows a basic layout of a pressure-enthalpy graph. The highlighted area 
represents the saturated liquid-saturated vapor line. Imposed over the graph is the basic 
thermodynamic process of the intended liquid fuel vaporizer design. At point 1 the fuel is at 
atmospheric temperature and pressure inside the fuel tank. A fuel pump creates a different in 
pressure, causing the fuel to exit the fuel tank towards the preheater. This process is shown in 
step 1-2 on the chart. Once the fuel enters the preheater, it undergoes a great increase in thermal 
energy, which moves the fuel to the saturated liquid line at point 3 of the process. When the fuel 
exits the preheater and enters the expansion chamber through a throttling valve, it experiences a 
rapid increase in volume, which results in a rapid decrease in pressure. This decrease in pressure 
brings the heated fuel down into the liquid-vapor zone, at which point it has a certain quality 
(%vapor to % total) depending on the initial heat and extent of pressure decrease. At point 4, 
within the expansion chamber, the liquid-vapor is separated using demister pads. The saturated 
vapor (point 5) is directed towards the combustion chambers, while the heated, but un-vaporized 
liquid fuel is re-circulated back through the preheater to lessen the power demand of the overall 
system and conserve energy. 
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Figure 12: Saturation Curve [6] 
 
3.3. Preliminary Design Generation 
 
To start the ideation process, each team member drew rough sketches of initial vaporizer 
design concepts utilizing previous knowledge obtained during the background research phase. 
This was a way of visualizing what the vaporizer would physically entail, as well as establishing 
which method of vaporization would be most efficient and effective. The team would eventually 
use the best concept as a basis for designing and modeling the first prototype vaporizer in 
SOLIDWORKS. A few of the more developed design ideas are discussed below. 
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Figure 13: Concept 1- Static Omnidirectional Vaporizer 
 
 
 
In concept 1 (Figure 13) the liquid vegetable oil flows into the heating chamber via an 
inlet pipe (1,2) and into a cylindrical heat exchanger (3). The cylinder is made of some form of 
ceramic, with coils of wire running through it to input heat energy. The ceramic also has small 
pores, similar to that of demister mesh, and once a vegetable oil particle retains enough heat to 
change phases from liquid to vapor, it escapes the heating cylinder through the pores into the 
exterior expansion chamber. A pump located on the exit pipe (6) causes a pressure difference 
from the exterior chamber to the pipe and pulls the oil vapor out of the chamber and towards the 
fuel injectors in the combustion chamber.  
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Figure 14: Concept 2 - Dynamic Piston Vaporizer 
 
 
Concept 2 as shown in Error! Reference source not found. models a dynamic 
vaporizer design. This design utilizes rapid expansion of volume to vaporize the fuel. The 
vaporization chamber is made up of a cylinder and piston assembly, with a small motor pumping 
the piston up and down at a known rate. In phase one, the liquid fuel is injected through the inlet 
(1) when the piston (4, 5) is fully extended and the pressure in the cylinder (10) is at its highest. 
Once the liquid fuel has been sprayed into the cylinder, the injector caps off, and the piston 
pumps back. This rapidly increases the volume of the cylinder while maintaining temperature, 
causing pressure to rapidly decrease and vaporize the fuel. On the next down stroke, the outlet 
valve (8) is opened and the piston pushes the vapor out of the chamber and down the outlet pipe 
towards the fuel injectors in the combustion chamber. Once the outlet valve is closed, the piston 
pumps back on the down stroke, the system is ready for another injection of fuel.  
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Figure 15: Concept 3 - Heated Mesh Expansion Chamber 
 
In concept 3 illustrated in Figure 15, the fuel comes in through a fuel line and 
immediately gets coiled inside a heating element, but around the vaporization chamber. This 
helps keep the lost heat to a minimum. The fuel is then spraying vertically into a heated mesh, 
with is heated past the boiling point of the fuel source. The vaporized fuel is pulled up and out of 
the chamber due to the difference in pressure created by the fuel pump. The remaining liquid fuel 
falls down to the bottom and is re-circulated back to the beginning. (Note: This design could also 
work in the opposite manner, with the fuel lines coiling up and the fuel being sprayed downward 
onto a heated mesh) 
 
Figure 16: Concept 4 - Expansion Chamber Vaporizer 
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 In concept 4 ( 
Figure 16), the compressed fuel from the fuel line enters a large expansion chamber through a 
throttling valve. The expansion chamber is heated on all sides, and insulated to maintain a 
constant temperature. The vaporized fuel exits out of an outlet at the top of the vaporizer, and the 
excess fuel is recycled back towards to the fuel tank. This design is very simple and inexpensive 
to manufacture, and could be modified in a number of different ways. One such modification can 
be seen, in which a heat rod is inserted into the expansion chamber. 
 
 
Figure 17: Concept 5 - Diffusion Vaporizer 
 
In concept 5 shown in Figure 17 above, liquid fuel enters into a vaporization chamber 
from the fuel tank at a lower level. The bottom of the vaporization chamber is exposed to a 
heating element, meant to heat the fuel past its heat of vaporization. An air diffuser is protruded 
down towards the heating element, and becomes quickly submerged in the fuel once it enters the 
chamber. As fuel at the bottom of the chamber reaches it heat of vaporization, the air diffuser air 
bubbles carry the gaseous fuel to the surface and towards the top of the chamber. The vapor fuel 
then exits out an outlet at the top of the chamber. A fuel return valve is positioned near the top of 
the chamber to ensure fuel doesn’t reach the vapor outlet.  
The next step was to decide which of the concepts was the most likely to succeed going 
forward. To aid this process, the team developed a design matrix, in which 7 major criteria for 
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the fuel vaporizer designs were identified. To further customize the design matrix, the team 
weighed each criteria based on importance to the goals and objectives. The final criteria are as 
seen below in Table 2. 
 
 
Table 2: Criteria and Weighted Importance 
Criteria Percentage of Importance (POI) 
Effectiveness: How effectively will the device vaporize fuel? 40% 
Manufacturability: Is it realistic to manufacture? 25% 
Size: Is the device of a convenient size and shape? Will it be overly 
heavy? 
10% 
Cost: How cheaply can the device be made? 10% 
Adaptability: How adaptable would this device be to other systems? 5% 
Professionalism: Does the design reflect professional engineering 
work? 
5% 
Safety: How safe will the device be to operate? 5% 
 
According to a group discussion, the effectiveness of the design was the most important 
criteria for any design concept. Regardless of any other factors, the design needed to be capable 
of vaporizing vegetable oil in a consistent manner. Manufacturability was the second most 
important criteria from the decision matrix. In order to test the eventual design, the team needed 
to be able to manufacture a prototype in a reasonable amount of time to test theories. This also 
related the cost criteria, because the project was on a fairly tight budget allotted to us by WPI. 
Size was an important criterion because the team wanted ideally to design a fuel vaporizer that 
could be installed on a standard combustion engine with relatively little effect on the overall 
system. While the actual prototype would most likely be larger than anticipated, the team felt 
that it was an important criterion during the design phase and throughout the project. The final 
three criteria were all taken into account predominantly during the design phase. Adaptability 
and professionalism were criteria that were “nice to have” criteria, but not entirely essential to 
developing an initial prototype to test theory. The safety criteria was very important, but the team 
 37 
agreed that all of the designs were fundamentally safe to build and test, therefore making safety a 
relative non-factor in deciding between different design concepts. 
 After deciding upon the design criteria and their respective percentage of importance, the 
team evaluated each individual design concept subjectively on a scale of 1 - 10 for each criterion. 
These rankings and the final weighted total is shown in the two tables below. The highest 
ranking design (static expansion system) was chosen as a focus. 
 
Table 3: Criteria Rankings 
Criteria Design 1 Design 2 Design 3 Design 4 Design 5 
Effectiveness 7 7 8 7 6 
Manufacturability 3 9 2 9 7 
Size 8.5 8 7 8 7 
Cost 5 4 7 8 8 
Adaptability 8.5 8 5 6 6 
Professionalism 8.5 9 8.5 8 8 
Safety 9.5 9.5 9.5 9.5 9.5 
 
 
 
Table 4: Final Weight Total of Criteria 
Design number Weighted Total Rank 
1 6.225 5 
2 7.575 2 
3 6.25 4 
4 7.825 1 
5 6.825 3 
 
 
3.4. Iteration 
 
After sorting through multiple designs one (design 4) was focused on. It was decided that 
some modifications needed to be made to make the vaporizer more realistic and manufacturable. 
After looking at multiple designs, it was found that a separate pre-heater would be key in the 
design. The pre-heater raises the temperature of the fuel prior to vaporization and brings it to the 
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brink of the saturated liquid threshold. This will ensure the product can vaporize as much as the 
fuel as possible and increase the efficiency of the vaporizer. The heated fuel would then be 
allowed to flow into a relatively simple expansion chamber to undergo flash vaporization. The 
overall system would be specifically designed for biofuels by selecting materials that could 
operate at high temperatures, for biofuels have a high boiling point. The whole system is static, 
and so it limits failure points involved with many moving parts. Furthermore, the system needed 
to maintain serviceability and be able to be contained within a reasonably sized and safe 
package. While these represent some of the more major iterations, all iterations translated the 
selected preliminary design into the good-for-construction design found below.  
 
3.5. GFC (Good for Construction) Design 
 
After many conceptual design iterations, it was necessary to create a three dimensional 
computer aided design model. This model would eventually be used as a “Good For 
Construction” (GFC) technical drawing. To accomplish this feat, SOLIDWORKS by Dassault 
Systèmes, S. A. was utilized. SOLIDWORKS is a widely accepted program used by 
professionals to create virtual renderings of physical objects, existent or conceptual. The first 
preliminary design concepts was modeled loosely as a SOLIDWORKS assembly. A separate 
part file was created for each of the components included in the sketches based on group 
discussion and brainstorming sessions including the preheater, vaporizer (separator), piping, 
valves, container, insulation, etc. These part files had a loose dimensional pretenses determined 
by the team’s preliminary design generation. 
The first of the two main project components of concern was the preheater. The preheater 
dimensions were estimated based on technical drawings supplied by Infinity Fluids of 
Massachusetts (Infinity Fluids specializes in the production of advanced thermal systems for use 
in the pharmaceutical, industrial, and scientific industries and has local ties to Worcester 
Polytechnic Institute). The preheater was to be supplied by Infinity Fluids, specifically the 
CRES-ILB-24-2-K. The CRES-ILB-24-2-K is a circulation heater composed of a 120VAC 
temperature-programmable heating element and a 12-inch long by 2-inch diameter cylindrical 
flow chamber. Meant for fluidic heating, it can supply up to 500 watts of power. The preheater 
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was a critical part of the project’s design for reasons mentioned earlier and was thus modeled in 
SOLIDWORKS. 
The second of the two main project components was the vaporizer, or liquid-vapor 
separator, the design of which was of primary focus of this project. The dimensional parameters 
for this component were based on the preliminary design generation and background knowledge. 
The preheater was modeled as a cylindrical expansion chamber with a spray nozzle injector-
disperser, demister pads for separation, a vapor outlet, and a liquid drain. It was modeled as a 12 
inch tall cylinder, with a 5 inch inner diameter, and a wall thickness of 0.5 inches. 
After the preheater and vaporizer were modeled in SOLIDWORKS, the other minor 
components including piping, valves, etc. were created. All of the components were used to 
connect the two main components into a GFC design. The next step was to take this design and 
begin production of a prototype to test the design theory. The GFC prototypical design can be 
seen below in Figure 18. 
 
 
Figure 18: Final Prototype Design 
 
3.6. Conclusions 
 
The design phase of this project was the most involved phase of the project. All group 
members took part in engineering discussions to help guide the creation of the first iteration of 
the vaporizer design. Previous course work, research, and intuition were all combined with 
inspiration and creativity as part of the engineering design process. The engineering design 
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process was essential to the success of the design phases of this project. The design arrived at 
was a dual-chamber separation-expansion system.  
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Chapter 4: Prototyping and Realization of Design 
4.1. Introduction 
  
 After completing a good-for-construction design on SOLIDWORKS, it was paramount to 
realize the design in a proof-of-concept prototype for purposes of testing and analysis. To 
achieve this goal, available products and materials on the market were researched and the 
possibilities of manufacturing to create an analogous physical prototype were determined. An 
overall description of the materials and products acquired as well as manufacturing activities can 
be read below. 
4.2. Selection of Components and Setup 
 
 The first step of the prototyping process was to determine and acquire the materials 
needed for construction. All materials were required to hold up to the rigors of being heated to 
the flash vaporization point of straight vegetable oil. For the majority of the expansion chamber 
6061 aluminum was the material of choice, due to its relatively low cost, machinability, and 
resistance to heat. All plumbing was chosen to be copper or brass, due to the low cost and 
resistance to heat within the temperature range required. To simplify the prototype setup and 
testing, a series of ball valves were chosen in place of solenoid valves. The ball valves were 
cheaper and easier to implement, and could be throttled to control the flow through the vaporizer. 
Stainless steel components would be the ideal material, but due to the increased cost and 
increased difficulty in machinability it was not feasible within the scope of this project. Other 
high heat components included a high heat resistant gasket material to seal the expansion 
chamber. Graphite gasket sheet was chosen due to its ability to maintain a seal under high 
temperatures. Woven ceramic insulating wrap was chosen to not only aid in insulating the 
prototype, but to also make the prototype safer to handle. The wrap does not conduct heat well 
and remains relatively cool to the touch, thus reducing the likely hood of injury during testing. 
The most crucial component required for testing was a variable temperature heat 
exchanger. Due to the experimental nature of the prototype, the ability to vary the temperature of 
the heated fuel was paramount as one of the control variables. A heat exchanger from Infinity 
Fluid in Worcester, MA. was chosen after discussing the project’s needs with the company. The 
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heat exchanger took the largest portion of this project’s budget to procure, but it was deemed 
necessary as the design and manufacture of a heat exchanger was outside the scope of this 
project. 
To setup the prototype in a safe and sturdy fashion, 80/20 aluminum framing was chosen 
to easily put together a bench-test stand. The modular nature of this material makes it the ideal 
solution to setting up a quick, easy, and sturdy test platform. A surplus of this material was also 
readily available in the combustion laboratory, thus saving money off the final budget. 
 
4.3. Bill of Materials 
 
In order to manufacture the prototype the following materials were obtained based on the 
requirements of the design. All materials were obtained through either MSC or McMaster Carr, 
or were available through the lab facilities on campus. The heat exchanger was obtained from 
Infinity Fluids of Worcester, MA. 
• ¼”  MNPT to 3/8” Compression Fitting Brass Plumbing Fittings 
• 3/8” Copper Tubing 
• 6061 Aluminum Fabrication Tubing – 1’ length – 5”  ID – 6” OD 
• 6061 Aluminum Plate – 12” x 12” x  ½” 
• ¼ – 20 Button Head Bolts – Free from lab facilities 
• Graphite Gasket Sheet – 12” x 12” 
• Woven Ceramic Insulating Wrap – 2” width x 15’ length 
• ¼”  Brass Bodied Ball Valves 
• Infinity Fluids Heat Exchanger and Transformer Unit 
• 80/20 Aluminum Framing – Free from lab facilities 
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4.4. Manufacturing 
 
All machining was done in house in the Washburn Shops at WPI. To convert the 
SOLIDWORKS design into a physical prototype, the use of CNC machines was imperative. To 
convert the SOLIDWORKS part files into usable G-code, which the machines could read, the 
CAM software Esprit was used. Once the SOLIDWORKS part was imported to the Esprit 
program, all necessary tool paths and machining parameters could be set. These parameters 
included such attributes as tool geometry, cutting speed, feed rates, etc. Also, utilizing Esprit, a 
full three-dimensional simulation of the machining process was created to determine if the G-
code to be formulated would result in a crash of the machine. Once all parameters and tool paths 
were set, the program then converted the input information into the necessary G-code. Once the 
G-code was developed, it was sent to the CNC machine. For the end caps of the chamber, a Haas 
MiniMill was the machine utilized. The stock material was mounted in the machine and the work 
offsets were set. Once the physical setup on the machine was complete, the program was once 
again simulated on the controller of the machine, as a last minute precaution to check if the 
program would result in a crash of the machine. The program was then allowed to run and the 
parts were machined. 
Many components utilized manual machining as well. The main body of the expansion 
chamber was faced off on each end, utilizing the manual tool room lathe in Higgins Labs, to 
ensure a flat surface when sealing the chamber. Also, the spray nozzle manufactured out of brass 
was machined using the same lathe, as it reduced the manufacturing time. The simplicity of the 
part manufactured did not facilitate the need to program the part in a CAM software. Once the 
main components were complete (the end caps, main chamber, and nozzle) all other components 
were cut to fit during assembly utilizing hand tools. This would include the copper piping and 
insulation wrap. 
4.5. Assembly 
 
  The assembly of the prototype began with the assembly of the expansion chamber. Once 
the components were machined, the gaskets were cut to fit the end caps and seal the chamber. 
The caps bolted to the main body of the chamber making assembly quite easy. All pluming 
components also screwed into the expansion chamber and preheater. All that was necessary in 
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order to connect the copper lines, was to cut the piping to size and bolt it together. The support 
frame for bench testing also simply bolted together, much the same as an erector set. The entire 
prototype simply bolted together. This facilitated easy assembly and disassembly during testing.  
 
4.6. Conclusions 
 
 While not exactly similar to or good-for-construction design, a functionally equivalent 
prototype was produced using available products on the market and manufacturing equipment 
available to university students. This prototype served as the primary instrument of 
experimentation to prove the overall functionality of the proposed design. An image of the 
assembled prototype can be seen in the experimental setup section below. 
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Chapter 5: Experiments/Testing/Results 
5.1. Introduction 
 
The purpose of the experimentation phase was to perform experiments using the 
manufactured prototype that proved the initial design concept and thermodynamic principles of 
the team design was valid. The experimentation phase consisted of constructing an experimental 
set-up for testing and conducting multiple experiments to test the efficiency of the vaporizer. 
Due to safety considerations, the team wasn’t allowed to test on vegetable oil, but rather 
conducted all experiments using water, and then extrapolated the final results to simulate what 
the prototype would have accomplished with vegetable oil.  Once the final experiments were 
completed, experimental data was collected and analyzed to assess the efficiency of the vaporizer 
prototype. 
5.2. Experimental setup 
 
The experimental set up of the prototype was designed so that flow rate, pressure, and 
temperature could all be controlled and changed. A labeled figure of the experimental set up can 
be seen in Figure 19.  
 
 
Figure 19: Experimental System Diagram 
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In the figure, the circles with crosses signify ball valves that controlled flow. The preheater was 
connected to a water supply in the WPI combustion lab. This water supply had an in line flow 
control valve, so the team was able to control the amount of water that was flowing into the 
vaporizer. The water supply was hooked up to the Worcester plumbing line, so the team assumed 
a general water pressure of 40-60 PSI. This pressure was less than the pressure that the fuel 
pump would have created with liquid vegetable oil, but was allowable for the purposes of a 
proof-of-concept prototype. Between the water supply and the preheater was the first ball valve 
to control flow rates into the heat exchanger. After the preheater, the heated water passed 
through another ball valve before entering the expansion chamber through the disperser. In the 
SOLIDWORKS design, the team intended to use demister pads to help separate the liquid from 
vapor, but demister pads proved too expensive for this project’s budget. From the disperser, the 
heated liquid, experiencing a massive increase in volume, vaporized and exited out the top of the 
expansion chamber. The un-vaporized liquid hit the sides and roof of the expansion chamber and 
drained down through a separate exit.  
 
Figure 20: Experimental Setup 
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As seen in Figure 20 above, all internal piping, as well as the heat exchanger and the 
expansion chamber were insulated thoroughly to allow the minimal amount of heat loss possible. 
For this reason, the team assumed zero heat loss for all calculations based on experimental data. 
The experimental set-up used thermocouples to measure the temperature change at different 
points within the prototype. One thermocouple was inserted at the exit point of the heat 
exchanger to confirm the intended water temperature, and the other thermocouple was inserted 
into the steam exit valve to measure the temperature of the steam produced from the vaporizer. 
The temperature of the heat exchanger was controlled by a transformer connected to an internal 
thermocouple at the exit of the heat exchanger. The experimental set-up also required metal-
framework to support the expansion chamber and the heat exchanger. The team built a double 
square framework on which to attach and support the test set-up. The beams and brackets used to 
create this experimental set-up were designed by Unistrut, and provided by the WPI combustion 
lab. 
5.3. Initial Experimentation 
 
The goal of initial experimentation was to establish the range of flow rates and 
temperatures that the prototype worked best within. Adjusting both the incoming flow rate and 
the initial ball valve changed the flow rate. The flow rate was measured by opening the middle 
and drain valves, closing the vapor valve, and measuring flow out of the drain valve over a 
period of 10 seconds. This process was repeated, adjusting the valve open or closed, until the 
desired flow rate was achieved. Once the desired flow rate was achieved, the initial flow valve 
was held constant while different temperatures were tested in an attempt to achieve steady state 
vapor output.  
After a number of different trials of ranging flow rates and temperatures, it was 
established that the vaporizer worked best with a low flow rate of about 0.5 ml/s, and with a 
temperature in the range of 200 to 300 degrees Fahrenheit. A flow rate of 0.5 ml/s was also 
established in the background research as a standard flow rate of a diesel generator engine, so the 
team used this water flow rate for the remainder of testing. 
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5.4. Final Experimentation 
 
The final experiment tested the quality of the vapor (vapor flow rate/total flow rate) being 
produced by the vaporizer prototype at different temperatures of the heat exchanger. In this 
experiment, the flow rate was set at 0.5 ml/s, using the process established by the initial testing. 
Once the initial flow rate was established, the central valve was closed, and the heat exchanger 
was set to 200 F and allowed time to heat up. Once the thermocouples read the correct 
temperature and achieved equilibrium, the central valve was opened fully, immediately resulting 
in a burst of vapor, followed by a consistent stream of vapor and non-vaporized liquid water 
coming out of both ends of the vaporizer. The stream of vapor was allowed 20 seconds to settle 
to equilibrium, and then the drainage water flow was measured for the next 10 seconds. The 
quality of the vapor was calculated by dividing the measured drainage flow rate by the 0.5 ml/s, 
which had been set as the initial flow rate. This experiment was repeated for intervals of 4 
degrees Celsius between 93 Celsius and 149 Fahrenheit, including 100 Celsius, which is the 
boiling point of water. The quality of the vapor was measured at each interval of temperature, 
and can be seen in Table 5. 
 
Table 5: Quality of Vapor 
Temperature (°C) Quality (%) 
93 37.5 
100 62.5 
107 77.5 
121 75 
135 62.5 
149 68.75 
 
5.5. Results and Analysis 
 
Once the quality of steam was measured, temperature was related to power by the 
equation below. 
 
 
! = !"[!!Δ! + Δ!!"#] 
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All of the values for this equation can be found in Table 6 and were found during background 
research. This equation calculates the power that it would take to consistently heat water in the 
heat exchanger from liquid to vapor within the vaporizer apparatus. Because flow rate was held 
constant, the only variable in the equation was the change in temperature from atmospheric 
temperature to the temperature of the heat exchanger.  
 
Table 6: Variables for Power Equation 
 Water Vegetable Oil 
Specific Heat (cp) 4.18 kJ/kg°C at 20°C 1.80 - 2.30 kJ/kg°C at 20°C 
Heat of Vaporization 
(ΔHvap) 
2257 kJ/kg at Tb 192 - 254 kJ/kg at Tb 
Density (ρ) 999 kg/m3 at 20°C 880 - 924 kg/m3 at 20°C 
Boiling Point (Tb) 100 °C 299 - 408 °C 
Flow Rate (Q) 0.5 ml/s 0.5 ml/s 
 
The data points from experimentation were plotted on a graph shown below, with x representing 
the power input of the system and y representing the quality of vapor produced, and a best fit line 
was drawn to show how the quality increases with power. The best-fit line followed an 
asymptotic curve, showing that there was an ideal power zone that both maximized quality and 
minimized the amount of power necessary for the heat exchanger to achieve it. This relationship 
can be seen below in Figure 21. The ideal zone was located from 107 degrees Celsius to 121 
degrees Celsius, which is relatively close to the boiling point of water.  
After achieving some useful results with water, the chemical properties of vegetable oil 
were examined to extrapolate how much power would be needed to achieve similar results with 
vegetable oil. Of particular note is the difference in specific heat and heat of vaporization 
between the two liquids. Notice that although the boiling point of vegetable is much higher, the 
specific heat is about half and the heat of vaporization is about 90% less. This leads to the 
obvious conclusion that despite delta T being higher, the power required to actually vaporize 
SVO would be much less. The power equation was the used again to find a similar relationship 
for vegetable oil. The ideal power necessary to vaporize vegetable oil was extrapolated using the 
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power equation and the chemical properties of vegetable oil, as found in Table 6. This value was 
0.44 kW.  
 
 
 
Figure 21: Quality of Steam Given Varying Power Input 
 
 
After extrapolating that 0.44 kW was minimum necessary power to efficiently vaporize 
vegetable oil, this value was compared to the total power in kW of a standard diesel home 
generator (shown in Figure 22). A standard diesel home produces an average of 5 kW.  
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Figure 22: Extrapolated Results 
 
 
5.6. Conclusions 
 
By taking the results of experimentation in conjunction with the properties in the table 
above, and applying the thermodynamic equation mentioned in the experimentation section, it 
was possible to extrapolate the amount of power needed to achieve ideal vaporization of 
vegetable oil. In conclusion, it was extrapolated that it will require less power (0.44 kW) per unit 
flow to vaporize straight vegetable oil (SVO). By comparing this figure to the output of a typical 
home generator, extrapolated vaporization power demands would require about 9% of the 
generators total output power. This leads to the conclusion that despite being able to successfully 
vaporize SVO, the prototypical design is not ideal because it would require more than 5% of the 
generator’s output power and should be slightly modified. Some recommendations are offered 
below.  
0 
1 
2 
3 
4 
5 
6 
Experimental Results for 
Water 
Extrapolated Results for SVO 
Po
w
er
 (k
W
) 
Extrapolated Results for SVO Vaporization in 
Comparison to Diesel Generator Output and 
Experimental Results per Unit Flow 
Ideal Vaporization Energy 
Generator Output Energy  
 52 
  
Chapter 6: Conclusions and Future Research 
6.1. Overall Project Conclusions  
 
The project goal was to design a system that effectively vaporizes vegetable oil for use in 
a diesel engine. As seen in the previous chapters, the product would be able to achieve this with a 
high quality and using little power from the engine. Through the use of a preheater and then a 
separator, the oil can be vaporized in theory and be directed into a combustion engine. The 
results show that there is an optimum temperature at which to vaporize the fuel to maximize 
efficiency. Extrapolated results also show that there is ideal power being used by the engine to 
power the vaporizer.  
The design criteria of the vaporizer were very specific to ensure quality of design and 
manufacturability to meet the goal without being over engineered. It was found that the system 
vaporized on average 72% of water. Although this is not 100%, it is still a great achievement and 
establishes the system is effective. Using a standard generator energy output, it was also shown 
that the vaporizer uses around 9% of that energy to power itself for oil vaporization. Even though 
this is more than the maximum 5%, the predicted increase in efficiency will most likely make up 
for it. 
6.2. Room for Future Work 
 
Although this project was able to achieve a substantial part of the initial goal, there is 
always room for improvement. In the future, it is recommended that certain modifications be 
made to the experimental prototype based on observations made. To expand on the prototype, 
there are multiple changes that should be made.  
The first would be the addition of demister pads. Unfortunately, under budget constraints, 
these could not be purchased. These would ensure there is no liquid that would leave the 
separator, only vapor. Another change would be a curvature of the top of the separator. This 
would direct the vapor into the pipe and would decrease condensation. The biggest change would 
be the creation of a recirculating tank. Any liquid that does not vaporizer in the separator would 
flow into this tank, and then would go back to the preheater. This would reduce fuel waste, 
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increase thermal efficiency, and prevent buildup of liquid in the separator. Also, the entire unit 
should be better insulated, more contained, and pressure sealed so that heat losses are minimized. 
 
 
Figure 23: Final Vaporizer Design 
 
Piping connection lengths should be minimized for reduced heat loss. Electrical switches, valves, 
and sensors should be added to monitor and control pressure, temperature, and flow rates. A 
computer algorithm is needed to optimize performance using these controls. A better spray 
nozzle design is warranted that can more evenly disperse injections. An overall reduction in unit 
weight, size, and chamber thickness is appropriate for economic reasons, but should not impact 
performance.  
With these changes, the vaporizer would likely achieve higher than 72% vaporization 
while also using less than 5% of the generators power. Subsequently, the experiment should be 
performed again with SVO to verify the quality of oil vapor produced and the conclusions of this 
project. It is recommended that the oil vapor be ignited through a calorimeter to determine its 
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power output when compared to liquid fuel. A final SOLIDWORKS design based on the 
recommendation from above is seen above.  
6.3. Impact of the Overall Project 
 
The impact of this project is that it represents the initial groundwork for proving 
vegetable oil can be vaporized to allow for more efficient engines. A more efficient diesel engine 
could provide a huge cost savings for consumers, result in a lower reliance on foreign fossil 
fuels, and provide all the benefits that are inherent with a lower usage of oil, including 
sustainability. More specifically, a device meant for biofuels would allow the operating cost of 
biofuels to rival fossil fuels, which give them a competitive market demand. This could lead to a 
market revolution and widespread sustainability for future generations. 
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Appendices 
Appendix 1: Experimental Setup for Final Quality Experiment 
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Appendix 2: Power Calculations 
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Appendix 3: Purchase Order Forms 
PURCHASE ORDER 
REQUEST FORM 
    Mechanical Engineering 
Department This form must be filled out completely 
   
 
                    see attached sample 
   
     Company Information: Requested by: 
       
   Co. Name: MSC Industrial 
Supply Name: Emmit Joyal   
  Street Address: 75 Maxess Road Email Address: ejjoyal@WPI.EDU   
  City, State: Melville, NY 11747     
    MQP Name: Liquid fuel vaporizer   
  Contact Person:    (if applicable)   
    (If you speak to someone at 
co.)     
  Phone #:  1-800-645-7270 Account to Charge:   
  Fax #:    (Professor will provide this)   
  
   
Unit Total 
Model or Part # Item Description: 
Qt
y:  Price: 
 
Price: 
#36914026 
 Copper tubing - 3/8 in OD - 1/4 in ID - 10 ft 
length 1 15.18 15.18 
#55507982 Metal Compression Fittings - Union Fitting 3/8 5 4.88 24.40 
#55509152 
Metal Compression Fittings - Male Connector - 
Comp 3/8 - MNPT 14 6 3.59 21.54 
#02255743 6061 Aluminum Plate 1/2 x 12 x 12 1 69.85 69.85 
          
          
          
          
          
          
          
          
          
          
Total:       
130.9
7 
 
    
  Faculty Advisor Signature:   
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PURCHASE ORDER 
REQUEST FORM 
    Mechanical Engineering 
Department This form must be filled out completely 
   
 
                    see attached sample 
   
          
Company Information: Requested by: 
       
   Co. Name: MC Master-Carr Name: Emmit Joyal   
  Street Address: 200 New 
Canton Way Email Address: ejjoyal@WPI.EDU   
  City, State: Robbinsville, NJ 
08691     
    MQP Name: Liquid fuel vaporizer   
  Contact Person: N/A    (if applicable)   
    (If you speak to someone at 
co.)     
  Phone #:  (609) 689-3000 Account to Charge:   
  Fax #:  (609) 259-3575    (Professor will provide this)   
  
   
Unit Total 
Model or Part # Item Description: 
Qt
y: 
 
Price: 
 
Price: 
9056K43 
Multipurpose 6061 Aluminum Tube, 6" OD, .500" 
Wall Thickness, 1' Long 1 
101.3
4 
101.3
4 
95715K61 
High-Temperature Gasket Material, Flexible 
Graphite Sheet, 1/32" Thick, 12" x 12" 1 17.45 17.45 
          
          
          
          
          
          
          
          
          
          
          
          
Total:       
118.7
9 
 
    
  Faculty Advisor Signature:   
    
 
 
PURCHASE ORDER 
REQUEST FORM 
    
 61 
Mechanical Engineering 
Department This form must be filled out completely 
   
 
                    see attached sample 
   
     Company Information: Requested by: 
       
   Co. Name: MSC Industrial 
Supply Name: Emmit Joyal   
  Street Address: 75 Maxess 
Road Email Address: ejjoyal@WPI.EDU   
  City, State: Melville, NY 
11747     
    MQP Name: Liquid fuel vaporizer   
  Contact Person:    (if applicable)   
    (If you speak to someone 
at co.)     
  Phone #:  1-800-645-7270 Account to Charge:   
  Fax #:    (Professor will provide this)   
  
   
Unit Total 
Model or Part # Item Description: 
Qt
y: 
 
Price
: 
 
Price
: 
6489322 
GC Electronics - 35-3070-0000 - Toggle Switches Type: 
AC/DC Toggle Switch Number of Poles: 1 1 14.15 14.15 
3267895 
Coleman Cable - 14-100-11 - Electrical Wire Wire Type: 
Automotive Primary Wire Color: Black 1 20.93 20.93 
4479408 
Parker - XV520P-6 - Ball Valves Material: Brass 
Fractional Pipe Size: 3/8 1 11.92 11.92 
          
          
          
          
          
          
          
          
          
          
          
Total:       47.00 
 
    
  Faculty Advisor 
Signature:   
    
